Background
Stroke is a major cause of disability and death worldwide [1] . In China, stroke has become the leading cause of death, and the prevalence of stroke in adults aged 40 years or older is 2.21%, with ischemic stroke representing approximately 80% of all strokes [2] . Current therapy with intravenous (IV) recombinant tissue plasminogen activator (rt-PA) is the only treatment approved for acute ischemic stroke (AIS) within 4.5 h after onset [3] . However, the risk of fatal symptomatic intracranial hemorrhage (sICH) after treatment with rt-PA is a major threat. Therefore, it is essential to identify the potential risk factors for sICH and the prognosis of patients with thrombolysis.
Recently, there has been much evidence indicating a causal link between the inflammatory response and poor outcome of patients with AIS [4] . A higher monocyte count and increased neutrophil numbers have been found to be independently associated with adverse post-stroke prognosis, whereas low lymphocyte count suggests this is a cause-effect association [5] [6] [7] . In addition, neutrophil-to-lymphocyte ratio (NLR) independently predicts poor outcome of AIS [8] , and high neutrophil counts and evaluated NLR values before thrombolysis are associated with worse outcome at 3 months [9] .
Recent studies reported that a lower lymphocyte-to-monocyte ratio value (LMR) is independently associated with severity of coronary artery disease and is related to poor outcome of various solid tumors [10, 11] . Inspired by previous studies, in the present study we focused on the potential relationship between LMR and the outcome of AIS and found that lower LMR on admission is independently correlated with worse outcome of patients with AIS [12] . However, the considerable influence of LMR on prognosis before thrombolytic therapy has not been addressed. Thus, the present study was conducted to identify the relationship between LMR on admission and outcome at 3 months after AIS with thrombolytic treatment.
Material and Methods

Study Population
All patients with AIS who received IV rt-PA therapy were hospitalized in the Department of Neurology, the Affiliated Hospital of Chengde Medical University and enrolled from January 2014 to April 2017. Patients were included if they met the guidelines modified by the American Heart Association/American Stroke Association for the early management of AIS regarding thrombolysis treatment [3] . Exclusion criteria were: (1) history of infection within 2 weeks before admission; (2) dying or having infections during the period of admission; (3) fatal renal or kidney dysfunction; (4) adverse tumor or immune diseases; (5) taking immunosuppressants or steroids; (6) history of AIS with a modified Rankin Scale (mRS) score 3 to 6; and (7) receiving endovascular thrombectomy after thrombolysis.
Our institution's Committee on Medical Ethics gave approval for this study. All patients or their relatives gave informed consent.
Baseline information
We recorded the demographic data and clinical characteristics of patients listed below: age, sex, time from onset to hospital admission, hypertension, coronary heart disease (CHD), atrial fibrillation, diabetes mellitus, stroke history, hyperlipidemia, smoking, and alcohol drinking. Laboratory values were measured on admission before thrombolysis treatment, including lymphocyte count, monocyte count, fasting blood glucose (FBG), serum creatinine, total cholesterol (TC), low-density lipoprotein cholesterol, triglyceride (TG), and high-density lipoprotein cholesterol. LMR was evaluated using the lymphocyte and monocyte count. According to LMR values on admission, patients were divided into group 1 (LMR >4.34), group 2 (LMR 2.79-4.34), and group 3 (LMR <2.79) and each group contained 36 patients. Stroke subtypes were assorted according to the TOAST classification, including large-artery atherosclerosis, small-artery occlusion, cardioembolism, stroke of other determined etiology, and stroke of undetermined etiology [13] .
Imaging
On admission, all enrolled patients underwent a CT or MRI of the head before thrombolysis. All patients underwent the aforementioned exams again 24 h after IV rt-PA treatment, or earlier if the neurological symptoms worsened in case of sICH.
Treatment
All patients were treated by IV rt-PA (alteplase) with a standard dose of 0.9 mg/kg (maximum 90mg). All patients were given 10% of the dose as a bolus within 1 min and the remainder was infused over 60 min [14] .
Definition of neurologic impairment and clinical outcome
Neurologic impairment on admission was evaluated by use of the National Institute of Health Stroke Scale (NIHSS). Moderate to severe stroke was defined as an NIHSS score higher than 5 [15] . The 3-month outcome was evaluated by the mRS determined via telephone interview. An mRS score of 3 or higher at 3 months represented an adverse prognosis [16] .
Statistical analysis
Baseline characteristics were compared among groups using the Kruskal-Wallis and Mann-Whitney U tests. Baseline characteristics of continuous data are expressed as mean ± standard deviation or median (interquartile range). Categorical data were compared among groups using the chi-square test. The Fisher exact test was applied in case the expected frequency was 5 or less. The relationship between LMR and neurologic impairment was analyzed by Spearman rank correlation. The area under the receiver operating characteristic curve (ROC) was used to assess the ability of LMR in predicting outcome and calculate the cut-off point. Possible risk factors of neurologic impairment and clinical outcome were performed using binary logistic regression analysis. A 2-tailed P value less than 0.05 was defined as statistical significance. All analyses were performed with SPSS 19.0 software (SPSS Inc., Chicago, IL).
Results
Baseline characteristics
This study cohort included 117 patients with AIS treated by thrombolysis according to the inclusion criteria. Among 117 patients, 5 patients were excluded because of loss to followup and 4 patients underwent endovascular thrombectomy after IV rt-PA administration. Finally, we enrolled a total of 108 patients in this study. Baseline characteristics of eligible patients are shown in Table 1 . The study population consisted of 76 males and 32 females, with a median age of 56.0 years (range, 52.0-69.0 years). According to LMR values on admission, patients were divided into tertiles and each group contained 36 patients. Age, NIHSS score on admission, monocyte count, and percentage of atrial fibrillation were higher in patients who had higher LMR values (P<0.05). TG concentration, lymphocyte counts, and LMR values in group 3 were significantly lower compared with the other 2 groups (P<0.05). The remainder of baseline data among subgroups showed no significant difference (P>0.05).
Stroke severity, incidence of sICH, and 3-month prognosis As shown in Table 2 , patients with lower LMR values in group 3 had more moderate to severe strokes and higher mRS scores than those in the other 2 groups (P<0.05). Patients with higher LMR who had either moderate to severe stroke or mild stroke were more likely to suffer poor outcome (P<0.05). Moreover, compared with the other 2 groups, incidence of sICH after thrombolysis in group 3 also was remarkably higher (P=0.027). LMR value was inversely associated with the degree of neurologic impairment on admission (r=-0.372, P<0.001; Figure 1 ). However, a lower LMR was not an independent risk factor of stroke severity (P=0.443; Table 3 ). The ROC curve of LMR values showed that the area under the curve was 0.767 (95% CI 0.674-0.859, P<0.001) and the cut-off point of LMR was 3.48 with a sensitivity of 71.6% and a specificity of 80.5% (Figure 2 ). An evaluated LMR was independently associated with favorable outcome at 3 months (OR 0.683, 95% CI 0.490-0.952, P=0.024; Table 4 ).
Discussion
Mounting evidence shows that IV rt-PA administration for AIS within the treatment time window improves neurological deficits and prognosis [17, 18] . Given the increasing incidence and mortality of AIS and the heavier economic burden in China, clinical physicians and the government have paid great attention to these issues. The thrombolytic therapy for AIS was approved by the State Food and Drug Administration of China in 2001. However, only about 20% to 25% of patients with AIS were admitted to hospital within therapeutic window, and only about 2% of them agreed to be treated with thrombolysis, with a rate much lower than in developed countries [19] . Furthermore, considering the 6% fatality rate of patients with sICH after thrombolysis, some eligible patients might refuse thrombolytic therapy [20] . Therefore, it is of great importance to investigate the risk factors affecting the outcome of patients with AIS who received rt-PA administration.
Our study suggests that lower LMR is an independent risk factor for poor outcome of patients with AIS who underwent IV rt-PA administration. In addition, LMR values of 3.48 or lower are good predictors of poor prognosis. Our results show that LMR is an original marker to predict outcome after rt-PA treatment.
The post-stroke inflammatory reaction has been widely recognized to be involved in infarct evolution and to exacerbate the clinical outcome of patients with AIS [21] . As 2 major participants in the inflammation response, lymphocytes and monocytes have been considered to aggravate a complicated situation that results in secondary brain lesion after stroke onset [22] . Based on the difference in process of immune response, lymphocytes are classified into B lymphocytes and T lymphocytes, and T cells rather than B cells are supposed to be pernicious in the evolvement of post-stroke brain injury [23] . The helper T (Th) cells are renowned as a main subtype of T cells and the function of Th1 cells and Th2 cells, subsets of Th cells, have been well defined [24] . Th1 cells play an stimulating inflammatory response role following stroke, with secreting pro-inflammatory cytokines including interferon-g (IFN-g), and tumor necrosis factor (TNF)-b, whereas Th2 cells have an inhibitory effect on inflammation response via producing anti-inflammatory cytokines like interleukin (IL)-4, IL-5, IL-10, and IL-13 [25] . The information described above resolves the controversial issue of whether a lower lymphocyte count is 5828 AF -atrial fibrillation; CE -cardioembolism; CHD -coronary heart disease; FBG -fasting blood glucose; HDL -high-density lipoprotein; LAA -large-artery atherosclerosis; LDL -low-density lipoproteins; LMR -lymphocyte to monocyte ratio; NIHSS -National Institutes of Health Stroke Scale; SAO -small-artery occlusion; SCr -serum creatinine; SOE -stroke of other determined etiology; SUE -stroke of undetermined etiology; TC -total cholesterol; TG -triglyceride. * Indicates statistically significant difference of P<0.05; ** indicates Fisher exact test. Numbers in parentheses represent percentages or ranges.
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independently associated with poor outcome at 3 months [7, 26] . Following stroke, patients may have lymphopenia or a reduction in absolute lymphocyte count, a phenomenon of immunodepression, which might due to activation of the hypothalamic-pituitary-adrenal system, sympathetic nervous system, and parasympathetic nervous system, with the secretion and release of cortisol, catecholamines, and acetylcholine, contributing to lymphocyte apoptosis [27] . Our study found that patients in group 3 with decreased lymphocyte count were more likely to have poor outcome, which suggests that a lower lymphocyte count is correlated with adverse prognosis of patients undergoing IV rt-PA administration.
Monocytes, another important immunoregulator driving the post-ischemia inflammatory response, infiltrate the infarction zone and aggravate brain damage [28] . Traditionally, monocytes are classified into 3 subpopulations in humans according to the expressions of cell-surface markers CD14 and CD16 [29] . CD14 high CD16 -monocytes, defined as classical monocytes, mainly secret TNF-a, IL-6, and IL-1b to exert a pro-inflammatory effect on brain lesions after stroke onset [30] . Recent studies demonstrated that classical monocytes were increased in the acute phase of stroke and are independently associated with poor outcome of AIS [31, 32] . CD14 high CD16
+ monocytes, regarded as intermediate monocytes, also grew and were reported to up-regulate the expression of inducible nitric oxide synthase, leading to secondary brain damage [31] . On the contrary, CD14 dim CD16 + monocytes, also known as non-classical monocytes, decreased with the low expression of IL-10, and play an pivotal role in the development of anti-inflammation [33] . In view of these findings, a higher monocyte count might be associated with adverse prognosis of AIS, which was confirmed by a recent study [5] . In agreement with these previous finding, univariate analysis performed in the present study shows that patients with higher monocyte counts treated by thrombolytic therapy are more likely to have a poor outcome.
Therefore, a lower LMR value may be regarded as a novel hallmark to predict the clinical outcome of AIS treated with rt-PA administration. The ROC curve indicated that the area under the ROC curve was 0.767, and LMR lower than the cutoff value of 3.48 had a sensitivity of 71.6% and a specificity of 80.5%, which indicates ideal accuracy for prediction of outcome. In addition, although univariate analysis and the Spearman rank correlation suggested LMR values developed Figure 1 . Correlation between lymphocyte-to-monocyte ratio (LMR) and NIHSS score. LMR -lymphocyte-tomonocyte ratio; NIHSS -National Institutes of Health Stroke Scale.
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a negative correlation with stroke severity, a lower LMR was not an independent risk factor for neurologic impairment, inconsistent with our previous finding, which probably was due to a small study sample size.
Surprisingly, univariate analysis showed that patients with decreased LMR had increasing incidence of sICH after thrombolysis. Hemorrhagic transformation (HT) after IV rt-PA administration is mainly due to breakdown of the blood-brain barrier (BBB) [34] . Several pro-inflammatory cytokines, such as TNF-a, IL-6, and IL-1b, secreted by classical monocytes, had been identified as risk factors for BBB disruption [35] . Among these cytokines, TNF-a was viewed as a vital regulator stimulating the expression of the matrix metalloproteinases (MMPs), which are associated with BBB disruption [35] . IFN-g also had been reported to damage the tight junction with relocalization of zonula occludens protein-1 and occluding protein [36] . TNF-b, another major pro-inflammatory cytokine produced by Th1 cells, was recently reported to be involved in down-regulating N-cadherin expression and extracellular matrix remodeling, which resulted in HT [37] . However, given the reduction Table 3 . Binary logistic regression analysis predicting the stroke severity.
AF -atrial fibrillation; CHD -coronary heart disease; CI -confidence interval; FBG -fasting blood glucose; HDL -high-density lipoprotein; LDL -low-density lipoproteins; LMR -lymphocyte-to-monocyte ratio; NIHSS -National Institutes of Health Stroke Scale; OR -odds ratio; TC -total cholesterol; TG -triglyceride; SCr -serum creatinine. 
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in lymphocytes after stroke, sICH following thrombolytic treatment might be mainly attributed to a higher monocyte count and the relevant cytokines.
The present study has some limitations. First, it is a retrospective study conducted at a single center, the sample size was small, and we did not set up a control group for investigating the possible difference in the association between presence and absence of treatment with rt-PA. Second, not all patients had inflammatory cytokines laboratory results, which could further bias our findings. Third, as LMR is a floating index influenced by multiple factors, we simply recorded the LMR on admission and did not monitor LMR during the period of admission or at discharge. Finally, we just focused on the relatively early outcome. Table 4 . Binary logistic regression analysis predicting outcome.
AF -atrial fibrillation; CHD -coronary heart disease; CI -confidence interval; FBG -fasting blood glucose; HDL -high-density lipoprotein; LDL -low-density lipoproteins; LMR -lymphocyte-to-monocyte ratio; NIHSS -National Institutes of Health Stroke Scale; OR -odds ratio; TC -total cholesterol; TG -triglyceride; SCr -serum creatinine. * P<0.05.
Conclusions
The present study is the first to show that a decreased LMR value is an independent predictor of poor prognosis of AIS with thrombolytic treatment. Further studies with larger cohorts are required to verify our findings.
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